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£§Si 

1 (±&&«it:JIL-T:^*i:^fc>*u m£&#m^a*©®igft«A,T- 

□ i . 5te& ± t & 5 £ in to *u & s ii t -r s r «m ft t % z. t z n 

ftSlTiSftiltfeotl^ (flSfffja (1983) ft^hM 21, 439-445 
fttt©W*£ rtlLW (1988) ftJ£k4& 26, 650-659 Jfit4JS 
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ttfK\t>tiT&\). ?®$.t>&}mZZTZ><Di)mr> (K\ Na\ Cl\ 

is*, Sgflfi^ (1990) m®(Difr?mW 25, 149-162 Mifi£it$©#?«) 

o 

tiixmwmft&z zitiumwi. (mi) m^co^mm 32, 198-206 mmom^ 

& £©« f*jg§ 1 1 PUffit -T 3 # & £ 0 ^ © + <i>#J ft ft S * f 5 % x. 5> ft 

%WX>7 (H'-ATPaseW-PPase) t«k oTM*il54fti*?> LfcpHSJl! 
tx*;^-Ii: LTfiJffl LT. ^Mic#?£-r ^Na + ^|ffl^^Ml*lt3llii^ 
t5o £fc> iS^M£gttfcffi»s «&Kfi©K7Na 4 l:t¥£iS<{£;£fe(i 
ft£>1\ HaVH*»ft(ft»<*:K:«fcoT«[tet:Na***lll-r5Ci:t:«fc ft#fc© 
*S m. E ^ 5 > 7s £ t Z> t $ # X. £ ti T ^ 3 o 

«SSI{3^fi-Ti)NaVH 4 ^[q]fi!^(co^Tlis Ms SISs *fflM&h*T 
J;<§I^£>*iTl^o tfrt«©«fOgT-y:, MMft<DW^7>ZZtZtz 
#> fc x Na7K*-ATPase <fc o T tlfc Urt ^©Na^S^Uffi * *Jffl L X Na + /H* 

^isj^M^^H^iiM-r^o d©fc»s £©*iiw&#&> mmmmmms 

«^h©=j> h d-;k auaKtt*^LfcNa*|ft2|)&irt:Sil<H#LT^Si: 
#x.^ntl>?) (Orlowski, J. and Grinstein, S. (1997) J. Biol. Chem. 2 
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72, 22373-22376; Aronson, P.S. (1985) Ann. Rev. Physiol. 47, 545-560) 

o atretic u*wttfammmzm*&MMizft&Ls 6»7^v7^- 

A (NHE1-6) #$£2*iT^.g> (Orlowski, J. and Grinstein, S. (1997) J. 
Biol. Chem. 272, 22373-22376) 0 glST-ii, £Tftm&® ( Schizosacchar 
omyces pombe) T'Na*^ tMmmzmM UfcjUzVP t LZ?n-->y$ti ( 
sod2) (Jia, Z.P., McCullough, N., Martel, R., Hemmingsen, S. and Youn 
g, P.G. (1992) EMBO J. 11: 1631-1640) > Ztitm^m&*ft-o&fc?& 
tB^SIS ( Saccharomyces cerevisiae ) -fr Zygosaccharomyces rouxii trMofo 
otl^ (^tl^tvNHAK ZS0D2£: ftTl>S) (Prior, C. et al. ( 19 

96) FEBS Letter 387, 89-93; Watanabe, Y. et al. (1995) Yeast 11, 829-8 
38) o XBjMX&s m&^tz2mmma.yWttfammfo&Bl i (nhaA, nhaB) 
ftWZtiT&t) (Karpel, R. et al. (1988) J.Biol. Chem. 263, 10408-10 
410; Pinner, E. et al. (1994) J.Biol. Chem. 269, 26274-26279) s *M 

ftNa^&hWJ&t$M<w^LT^So titiT'tt, mm* zz^tm^ t> n 

T<^& (Katz, A. et al. (1989) Biochim. Biophys. Acta 983: 9-14) 0 

"f 3H£M> (Matoh, T. et al. (1989) Plant Physiol. 89: 180-183; Hass 
idim, M. et al. (1990) 94: 1795-1801; Barkla, B.J. et al . ( 1995) Plant P 
hysiol. 109: 549-556) >+M £<D»tttt©lftV>4 , £ttttJ (H 

assidim, M. et al.(1990) 94: 1795-1801; Blumwald, E. et al.(1987) Plan 
t Physiol. 85: 30-33; Garbarino, J. and DuPont, F.M. (1988) Plant Phys 
iol. 86: 231-236; Garbarino, J. and DuPont, F.M. (1989) Plant Physiol. 
89:1-4; Staal, M. et al. (1991 ) Physiol. Plant. 82: 179-184)iz*^T W 
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immiQ iMTfctK m^moMMnmobCDtnzuZ (Blumwald, E. et a 
1.(1987) Plant Physiol. 85: 30-33; Garbarino, J. and DuPont, F.M. (198 
8) Plant Physiol. 86: 231-236; Orlowski, J. (1993) J. Biol. Chem. 268: 
16369-16377) 0 £tz, Na ( iM©^I^PIf ^Jt^ ^7 ^ D 7 K^T^D 

V>6 (Blumwald, E. et al. (1987) Plant Physiol. 85: 30-33; Orlowski, J. 
(1993) J. Biol. Chei. 268: 16369-16377; Tse, CM. et al. (1993) J. Bio 
1. Chem. 268:11917-11924; Fukuda, A. et al. (1998) Plant Cell Physiol. 
39: 196-201) 0 Cti^©Cl tl±. Mtl©^l!@McDNaVH + WlpI«!l^f*Ot4R« 

Mffi&MtlZ^tz (Katz, A. et al. (1989) Biochim. Biophys. Acta 983: 9- 
14; Barkla, B. and Blumwald, E. (1991) Proc. Natl. Acad. Sci. USA 88: 
11177-11181; Katz, A., Kleyman, T. R. , and Pick, U. (1994) Biochemistr 
y 33: 2389-2393) o 

7£titz&, %(Ommz-D^Zl£&W£tiZ^tii^ (M.P. Apse et al., (199 
8) Final Programme and Book of Abstracts "11th International Workshop 
on Plant Membrane Biology", Springer; CP. Darley et al., (1998) Final 

Programme and Book of Abstracts "11th International Workshop on Plant 

Membrane Biology", Springer) 0 

mmz&^zn$htzuywttm$imfaMfc?&, ±t?,om?nm®)z& 
% t ^ t- k r is 7s om \z t z % % , mm± & m^z $> % 4 * * p $ t □ 
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150hiMT'IrH:P1S*§^^o Garbarino*! & n ** AXXltmommMZWW. 
1-Si^Ts^^©Na + ©^n§^xTii^i^^t4$^»TV^^©T-tt^^^^i:$S 
£UT^3 (Garbarino, J. and DuPont, F.M. (1988) Plant Physiol. 86: 2 
31-236) o Z.tiZMttttZ>t&$k£ LX, A ^^©^IJS^^NaVH 1 ^^^^ 

(Garbarino, J. and DuPont, F.M. (1988) Plant Physiol. 86: 231-2 
36; Fukuda, A., Yazaki, Y., Ishikawa, T., Koike, S., and Tanaka, Y. (1 
998) Plant Cell Physiol. 39: 196-201) 0 

*tc;fe^T&i&Ml::<£ 9 7£t$fcl:±#L&^ (Fukuda, A., Yazaki 
, Y., Ishikawa, T., Koike, S., and Tanaka, Y. (1998) Plant Cell Physio 
1. 39: 196-201) „ $t>lz s J * tc£tt ZUfr % SH^ONa^j&y:, IsJIM* 
*4©»T*&SMt£©iiSl>3 v <fc DiSl^C ttffttP-oT^&tzSb (Matsushi 
ta, N. and Matoh, T. (1991) Physiol. Plant. 83: 170-176) , *I©MJli© 

ZMlsbmz nTtfet* £ mm. t T l % £ <> Z O tz #> 4 * ©NaVrai»&ftr3t£ £ ^ 
#>f# £ it fc? (D # 8t < m £ h X U tz o 

z®&oteftmz&frxu$ntz&£titzt)(Dx$><o, ^©ift 

tt, WitffitK »^b<li^^S*ONa7H^l^^^^it>*^^^§3 
x *^©DNA(9#3; L^ffl^i: LT^ W\U&m®fo®ftlti®tz&<Dm&BT<D 
*%,W%t>&, tB^filScDNaVH^lp]^^ (NHX1) itfi^ i: □ 
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*cdcdna^ p->$iHi^tfeo zomn^yu-rtLxm^Xs ^cdna^ 

M£ tlfcOsNHXl cDNA(i^2. 3kbT-fe D.535^y|gj!p£>&3*W^K£ 
□ - h* LT^^h^S^tiS (11) o yi?©i6K7j<tt)!S^©^^, a£*> 
^Mtc&l 2c7)fliMil^^^tB^nfc (12)o 

OsNHXlfr£>i^£;ft,&T=; NHXl^DilL^©Na + /H^(p)^ft: (N 

he) or* smmiitfiMtemmftmmzhtz mi) o ^c, -r^vn^ 
tfmwLtz (H4) o miumm^y Fv-A-c^iiTi^hi^^fc 

D (Nass, R. and Rao, R. (1998) J. Biol. Chem. 273: 21054-21060) > $Ltz 
s mEGt)MMftX%mLX^%Z.tftTsm$hX^Z> (Numata, M. , Petrecca 
, K., Lake, N., and Orlowski (1998) J., J. Biol. Chem. 273: 6951-6959 

^mm^m^tm%^Lx^^h^^hfi^>o 
fcmmmit. £e>t, T7nn?7-vt7i±mzmmLx, ml/iOsnhxi 

zmzztizbmihvtzo 

1. TEE (a) £tz& (b) (;g3$6©DNA, 
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Ao 

(b) : 1 fclBttOJfiSBEfllCDn- KfJU$£^tfDNAo 

2. #^ffi^S*ONaVH 4 ^(p|«!i^$=3- Kf-STiB (a) (b) 

(a) ie^j#^ : 2 izizm<DT $ ;mm,mz&^x 1%L <&&Wl<dt$;®. 

T'^W 7*Uy^X1-^.DNAo 

3. (2) (3HB«©DNA, 

4. (1) £fctt (2) ^HBtic©DNA^^tf^^^-s 

5. (1) 3gL<i£ (2) fcgBffiODNAgifcfcJ: (5) t;:fB«tf>^ 

6. *£MIST-&^ (5) {lfB«6C0BM«ltD^ 

7. (1) (2) fciBttODNAfccfctJD-KSftS* 

8. (5) tciBtfe©^H$gMMfla^^«L, SEaiia*fc«±*©^*±« 

fr&*83*fc* W^K*l§|iKr*xg££tf % (7) tifBtB©* w^K 

9. (6) (ZlBttCD^fflstt«|||£|$$tr^K«stft«tt^ 

i o . m¥mmtin:&z, ( 9 > £&tt<z>j&K«s&ttft{*. 

1 1. >r do) iztmcDBnmmmwfo. 

12. ^-c&s. ( 1 1 ) iztmmmmmm^, 

13 (9) frt> ( 1 2) O^rnfrtffittOJBJHESlffiftlfrO^ftSfcttf 

14. o) (1 3) (D^rtupizmmommmm^ommum, 

15. (7) fciB«©*w^Kfctg£-f ai/if** 

1 6. iB^iJS^ : 1 CSB'tt©DNAfc/W ^Xt5, 'J>& < i:*157*U 
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# ("OsNHXlj *3-K-rScDHA0«a£E5U*E5U« : It, sgcDNA#=i-r* 
ROT'S y»E5U*EW« : 2 
("OsNHXlj atfc^FBu M©m^©NaVH + ?t[pI$i^©T5: y»E5!Ii:W* 

mtt>t>titzo zommit. tosnhxij *»**h# % << ziz&i-tzMm&tzm 

#%*£>ftTl^o ^t, rosNHXj il£?& s teftOlBJg&Saoff: 

#$SHBfcB\ rosNHXlj *W**HC!>#&&1\ ^tihlHi^o^S^-rs 
^>^^H*)^*nSo *$6HBfc*^T r r 0sNHXlj * >^*H£:I^©*|& 

ATPaset;:<fcoT«£tf£H + M£jE£T^ '^>^U>i?oM*t<t 

LT$ij£T 3CL*:#T#i> (Fukuda, A., Yazaki, Y., Ishikawa, T., Koike, 
S., and Tanaka, Y. (1998) Plant Cell Physiol. 39: 196-201.) 0 

rosNHxij * >^?ntmmtMm%mtz* >^tn<?)i-?<Dmm&. r o 

sNHXlj $>nzm.<OT% J mm (E*l#^: 2) iz&UX 1£U 

N |"osnhxij *>rt?ntm^&mm*%T%£m?>^?mx$>%o zox 

H#l3j;<^j?,nfc^Si: LTI£> 0'Jx.£> ""OsNHXlj ^>/^f©7^B 
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*H©f£tt*ES«>£&£©BttT-* ®timm&)g.nm\& (site-directed mu 
tagenesis}£) (Kramer, W.& Fritz, H. -J. Oligonucleotide-directed constr 
ucyion of mutagenesis via gapped duplex DNA. Methods in Enzymology, 154 
: 350-367, 1987) &£&*Uffi LTx TOsNHXlj (E^l#^ : 2 ) 4» 

<dt$ ;mmz&%L. rosNHxij fr>>i>7Ktmm<Dym*%t2>&&* 
?m&x$>zt*mt>?, xmmo tosnhxij ^>^^H©^^y^@B^j <e 

W^f?#^**§y<7) ""OsNHXlj ^>7^Ri:PHI©«fig*^rsiKD, 

£L<&50T^yi^F*iT-&'K t<tt20T = jmxnx-%>*). z 

e> u < «5r =• y § o 

rosNHXlj ^>^^Ki:WJ&ifllil**-rs^>^^R©flb(0<Btta: 
N rosNHXlj KfSDNA (E^JS^ : 1) t'MzrvyjZt 

£#^IIM&*©DNA#:3-KT3* W^KT'fcoT, rosNHXlj 

nbmm*m.m*mt2>*>^>7n~?:&z>o zo y * 

if (Southern, E.M. : Journal of Molecular Biology, Vol. 98, 503, 1975. 
) tfjg&fijfo (PCR) ftffi (Saiki, R. K. et al. Science, vol. 

230, 1350-1354, 1985s Saiki, R. K. et al. Science, vol,239, 487-491, 1 
988) &mtft>ti2> 0 IP*>x lH#t3^oT(i> rosNHXlj Mfc?<DS&m&m ( 
ffi*y#^ : 1) U 7"d -7*: LT^ £tz r 0sNHXlj ifi£-?<D 

igSffi^J (&*Wf : 1) lzftmmz>U7'i)V-< ZTZ*Vo??\s*?- K 
577^v-J:lT. ^^gl<liffe©M»f» rosNHXlj iifc^iiiS 
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^*BPH4£*§-rSDNA£J}UfU s»fr£> rosNHXlj 9 >/WRtmm(D#kte 

>W 7*U ¥4 Xtt»*»PCRft«fc:«fc tHfi?*#itSfc«>©«*i: LT lis 

(i> ^ ^JiA£Mc N 3r ( Hordeum vulgare ) s nA^r ( Triticum aestivum 

) N h-S^nnS/ ( Zea mays ) £>ftS# % d ti?> Kf&JIIBSftfc^o 

±IB©ftif£*iJffl Lis rosNHXlj * >^^« fcPNSfc«S6*£T 3 * 

Its Se?'J#^: 1 tIBtt©fiSE5>JA»e.«cSDHA*fcti*©-aJ) ^ffl^T, # 

3>©£ft&, A^"jy^'-i/3>gi (50% formamide, 5x SSPE, 2x D 
enhard' s solution, 0. 1% (w/v) SDS, and 100 /zg/ral of herring sperm DNA 
(Sambrook J, Fritsch EF, Maniatis T (1989) Molecular cloning : A Labo 
ratory Manual (Cold Spring Harbor Lab., Cold Spring Harbor, NY), 2nd E 
d.) ) Zm^zm^frtz&ft-Z&ZVC (formamide£^i;&U> , mft®&&T' 

ii42 o CT-froo riz/w 7u -t?—> 3 >\±>ptz < t %immu±ff w /w 
y << )i$-(Dmm±, m^trtam* u&z b u >^x> r &&#) t-&25 6 c ( 

mftmmm : 2x SSC, 0.1% SDS) n iim©£ttTfct42 °C (&?$ffi?m# : 2x 
SSC, 0.1% SDS) % iLl^ft (il7> h iJ>vx>K^tt) T"li56°C (ft^ffl 
: O.lx SSC, 0.1% SDS) T-ff^o 
Z ft tc <fc <9 M $ ft fc DNA# =j - h* f § * > ^ 7 R # rosNHXl j * > /< 7 H £ 
PI^O«fl6%Wr»^ rosNHXlj ^w^Ri:75 ^i&ffifllKfc^T 
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<li80°/oW±Offl|iIt4, L< Ii85%i^±©iei5|t^ ££>(c#£L< 

(i90%W±Offi(5jt4^Jif o ^^y^E^J©l§l5ltt(i, GENETYXV 7 h 

(7 7 h^xTF^Iglfci^i) (Dttuis-ffilfcrv?? k (Lipman, 
D.J. and Pearson, W.R. (1985) Science 227, 1435-1441) IZ&bWitit 2>z\ 

«0J3©* W'7«(i, %M%££®<Dj5miz£ <o, Mfr%kZf>^?nt 
LT, £fc5^©7 W^K*; LT^I^I-S-ii^T'^So #!<frJH;L* W^ 
K&s #'J/L(3, £$gBJ3©7 >A^H£:3- h*-rSDNA^3i^^^JS 

^77-t$AU g£^77-£;i^&M{;:2iAU H£J£ffte&«fr£>*jt 

m.tzztiz&*)mmTz>z.ttf^&T:&z> 0 ztz, a?*©7 w^im, m 

^0£©7 w^7M£^LT^£,« (Mz.lt, ^$fflflS) &£fr£>gi$2U;t 

wm^i^^T, mti?i>izii£&tz*>^?nzmm-t?>ztiz£y)m 

tfcs *^BJ3ii. ±B3:$^0J3®7 7^7«zj- K-T3DNA£Jt{£-f £o 
B^cDDNAii, *$PJ§©7 >^ 7 ff £ n - h* Lff & ©T* frtumizftmittn < . 
-7" y ADNA N cDNA N joct^b^^DNA^ h*^^^tl-2,o *3PJ3©DNAi;:^£ ;h,.?> 
TOsNHXlj cDNA®J&SE?'J£ia?'J#-t : 1 (C^To 

ADNA&J;I>*cDNA©^t^i3i3-£ iiotfifg^Uffl LTff -5 - 

&7*7^T-tt£I§gtLTPCR£tTl\ f#£ft£igi|iDNArrfr£7D-7*£: LT 
m^XVJ vy^7^77 0-&7 7 U-^> oT^T 6 c 
^#T-#3<> tfes #'J;L{^ mm fc L T cDNA^ -f 7*7 U-frfccDNA fclMirs 
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&®mB?-mX&Zm® LX, *B§H^©a^VT, g#3, UMBS, mill 

WTj^ti DH^-rSCh^nJnfeT-$)?>o flUfc^ *Jl®T*&pGEX (Phar 
macia) ta¥(D%.M'<>7 9 — £JJH>T 7)l^^-^> S-F7>^7i7-f (GS 

t) ^©li-^w^it*: Lxtzmmt, 7)i$^*>ii7 Azm^xmmrz 

ZtttT'ZZ Sttt* (1997) «X^SiJff&^>^^Hi^7-o h 

mm^tt-omxttt, m^mm^mmizmLx, mm, Tvunzj-v 
^^^^^mmmzmxt^m^m^^z-t^^x^^o 77 

untr V t>k-£ftt%-ft&h LX\$, mm, Nagel«i>c7)££ (Microbiol. 
Lett. 67, 325 (1990)) -W *©H-£Raineri (BIO/TECHNOLOGY 8, 3 
3-38 (1990)) #flH^ft6o Z.tit><DlimZ, W^Sm^ $ '- (pUC^©^ 
^*-&£:*o pCAMBIA^*- (Medical Research Council) $ 
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t l<&j zmm®<DfflmT'iSb%o << znt&votLxiz, ^^w^i^ mm 
mom^mm, mm, mmtgmmm, 7d^77^k 7b;u*& 

wi&(Dm£iztt, mwcDumizfotx, mm, #;i^®i?^Mb& (Kyozuka, 

J. and Shimamoto, K. (1991) Plant Tissue Culture Manual. Kluwer Acade 
mic Publishers, pp Bl, 1-16^ Toki, S. (1997) Plant Molecular Biology 1 
5, 16-21) ^p^D hr^X r£ffil^fcH4Mbi£ (Shimamoto, K. et al. (1989 
) Nature 338, 274-276 ; Kyozuka, J. et al. (1987) Mol. Gen. Genet. 206 
, 408-413) tjiZlfimut>timz 0 

x^uM*wttftmm{tm&%viu ztitz 

ti^o &tz, -fix 2>ftiz*%w<DMktfmx$ntzBn&&feWfo&mt> 

$>z>o ztz. m&®fo^z®i : m&2>^i±? n-yfrt>mmtt® (mm, m 
-Ts %m, mm, n> mm, 8u tuiT,, yuyr^^vm) zmx, zti 
$zmzmmwfo$:mmt2>zbt)~<>jmx$)2>o *&wiz&, *fkw<Dmh&m 

zoxo^m^mm^tit^Ltz^^/wnmmm^mt, Navraiso 
sfcx #8 turn, ±m&ftW(o*>>*?n£m&Tzm.faz%ii&T2> 0 
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ftOfl^fc):, Msli^tc&ft]©;^ Mxfcfs Harlow£>©£& (Harlow, E. and 
Lane, D. (1988) Antibodies : A laboratory manual. Cold Spring Harbor 
Laboratory, Cold Spring Harbor, New York) d h#T- # 3o ' j 7 

h*r&DNAfc&gi&£/w:/g*wx-f s 0 cdT- r^^^(z/N^ ryyjxt 

h&/W 7*'J ^'-f Hf-va >^^TT\ *mW(D$ W\*7®£=i — YTZVM 

U^5BBDxDNA*3fcl±BRNAO3r^0fSJ«S«tB6-ra7^ Kt^TL^t: 
ffi*iflT-fc£&gttfc< x 1 Xtttt»ffl©7 7 Utf?- h'OaT^^SL 
TUtiiU, £$PJ3©* >-H*R0$83g£jqi#J"f 57>f-fe >X7T U 3 7 7 
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Mitts ^*©NaVM|pJiiij£f*: (OsNHXl) cDNA©MI2^iJ, *>£t>'M£ 

i3ii, osnhxi tmm^/wttmmittcDT =• ;mm<}<z> itn^^tmx 
mmmm& (M3~M6) £ie?ij©±giuz^Lfco ±x<dt $. ;m&m-(D 

ClustalX (Thompson, J.D. et ah, (1994) Nucleic Acids Resear 
ch, 22:4673-4680) (gi£|8(NJ)a> *m^1ztoVWttftm&fc<?)%&Lft&¥ 

0>J t $"J KM $ ii S & ® T- & * H o 

m3r#eT»e»*ifcHa*/ir»iRiiftsif*: (nhxd i:t^Di;-^^-^> 

X£GeneBank©iS^IItl©^-*^-;*fr£> WU << *©?6J£S#©cDNA£ 
D->^|5j^Lfco Z<D?D->frt,^m£tiZTl y^i2?iJtis NHXli:37% 
© * ^ □ v - # & o fc 0 f# £> tife cDNA^ p - > {± ±& ©jgHK^ij #1? A £ ftT 
l^ft^d £:#-y,«!£tlfc©-r> Z(DcVM?n->%7a-7-bLZ, << * (Or 
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iza sativa L.cv Nipponbare) L£mRNA£$ISac: LT^fft 

UfccDNA^'f 7*7 'J-^?>, A£ft£cDNA7D->©M£M^*:o 

-Y*fcJu -Hfcg7X£-fe!\ £iU£$i« (0.5 mM NH 4 H 2 P0 4 , 1 mM KN0 3 , 0.5 mM 
MgS0 4 , 12.5 jjlW Fe-EDTA, 1 mM CaCl 2 , micronutrients) ^m^XM^ 
Ltzo M (ft^40 juml m z s l ) 14B$F a WC. «10B#^25°C, M&n%®&% 

cDNA7 7*7 V -li, ^ V (A 4 ) RMZmMLs 5fr£>25% 

©7 7D-7&g^|£^/|>KJ;oT+MX#lj£m^ i±-»A^**'J(A + ) 
RNA£^fr#Ijfr £>#t§?lL;fc (Tanaka, Y. et al.(1989) Plant Physiol. 90, 
1403-1407) o it^T X#iIi£*To£tf'J(A*) RNA&, GublerhHoffman©£& ( 
Gubler, U. and Hoffman, B.J. (1983) Gene 25, 263-269) Cctott'J 3" dT 
£7'7^-£ LT 2#iicDNA££j&U Asahipack GS710#7A (Asahi Che 
mical Industry Co. Ltd., Tokyo; 2.5X50 cnO^ffll^T ~Sii${fc7 p v h 7*7 
7-f — (Tosoh, Tokyo, model CCPD) IcioTtK Xftm*fi-otzo 2kbW±© 
cDNA£ AgtllOEco Rl it^ h»ALfco 

Jg^LfccDNA^-f 7*7 iJ-^^A77-y$ffll\ NHXlt^D ^-©& 
3cDNA7p->£7d-7£: LT77-7;W 7U 7*-f -tf-va >£*Tofco 
i/?i-)l(D&-Dtz7'7-Z(D<Pfrt>, -<7^-t^A^tlfccDNA**g4>SV^^> 
©£Ml>\ tSD D m UfccDNA £pBluescript (KS+K7 7- (Stratageneft) £ 
If ALT 7 D — — >7*£tf-ofc 0 f#?>ft/icDNA7 P->#£ftT*&£ d t©5f 
fg&, ^<7)7p->£7p-7£ It, *jtt>ftfr £M L£RNA£ffl^fc 7 
-If > m 7 'J 7* Hf - v 3 > (C <fc o T f# <b flit v 7*^ ^ X lz X o T fit 
ISLfco M^tifciifc^ (OsNHXl^fftiTS) ^ft«A^ntcDNA7 D-> 
®£1 A I«!?|J£&&L£ (HI) o 
[H»J 2 ] OsNHXljife^^liSi^iJ^ct^T * 7g'iE?''J0B¥#T 
±:ft(i2330mffiW> 5' #i^l$ii296i&S*K iHR$It^{il608^»^, 3' 
lf-§PiRM&426J&S#T-fcofco 0sNHXl#P- K LT 1^3 7 >^7Kli535T 
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59%©»tt, 22%©^$, lTO^TKttT^ y^^^fifeD. i^7k^l©^V^ 
^>/^IX-^5^J:tffi^to KytehDoolittle©^^ (Kyte, J. and 
Doolittle, R. F. (1982) J.Mol. Biol. 157, 105-132)ic J; 3S$7j<tt/M ©IS 
m^E12t^-ro TMpred program (Hofmann, K. and Stoffel, W. (1993) Bio 
1. Chem. Hoppe-Seyler 374, 166) iz& ZMtixlZ <fcoT. 1 3r®WkmmWM* 

OsNHXl^^M^n^T^y^iB^Jii, NHXl^nilLM^NaVH^lSllim (N 
HE) 7^K^JJ:W^^ffi[5}tt^^ai^tifc (111 ;St4"> NHXltig£S[S 

. cerevisiae l&jfc, NHE6& t h d3*. NHEl~4&^y h l>o ^ 

+ ©^fl<7)^mt(i, GENETYX (ver.lO)V7 h^i7 (V7 h ^^Tffl&m^ 
£#) (7)4-v^& Di/- tt7D^7 A£ffltN7c (Lipman, D.J. and Pearson, W. 
R. (1985) Science 227, 1435-1441) 0 ^t3 N ^ ;T >$B3?££§^ LTU & 

tDhMmm®M^M^mm&&%t>ntz mz) „ osnhxi©^ yiggis^K 

?iJT*fc £ 83 LFFIYLLPPI 92 ©^J$i£ N NHXl-^NHET' <fc < tlT^J *) N 

^3 (Counillon, L. et al., (1993) Proc. Natl. Acad. Sci. USA 90, 4508 
-4512) (El 3 A) o ^4t)©NaVH + ^[pI^frT'tt. 6#g£:7#@ 

#3.£ftT^£ (Orlowski, J. and Grinstein, S. (1997) J. Biol. Chem. 2 
72, 22373-22376) tK OsNHXl® 5 #i t 6 #3<Z>l£JtilftJAttc: tl<=> <Dfti&t 
ffift&tfMfr^tz (H3B) o W±©dfcli. OsNHXltfu- YtZ> $> 
NaVH + WfSl^iitS^ £ 8 o d * L T V n § 0 
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£1 





OsNHXl 


NHXl 


NHE6 


NHEl 


NHE2 


MHE3 


NHE4 


OsNHXl 


100 


29.5 


33.0 


30.1 


29.4 


26.7 


27.7 


NHXl 




100 


36.1 


28.6 


29.1 


29.3 


32.0 


NHE6 






100 


31.9 


29.1 


31.8 


28.6 


NHEl 








100 


48.9 


37.1 


45.5 


NHE2 










100 


44.7 


66.0 


NHE3 












100 


44.6 


NHE4 














100 



tiiWm®; ( S. cerevisiae ) ONHXli5«fcVNHAK ftmm® ( S. pombe ) ©»K 
fliT-H^UTI/^ £Sl:bft"5Sod2> B® ( Zygosaccharomyces rouxii ) ©ZSod2 N 
*mW ( E. coli ) ©NhaAfciVNhaB, OsNHXl (ID* ""OsNHXl j hUsB) £ 
o^TNJ&tJ: O^^m^fffig-rShs NHXK NHE6, OsNHXl© 3 
-Z-o<ZZt1fi®WLiZ. (H4) o NHXl#Mx> K V-A-C«3BLTV^ 
tK^omSftti*) (Nass, R. and Rao, R. (1998) J. Biol. Chem. 273: 
21054-21060) , ttz. NHE6*«IIiart-C$6JKLTt*3£ t&^ZftZ^Z 
(Numata, M., Petrecca, K., Lake, N., and Orlovrski, J., J. Biol. Chem. 273: 
6951-6959) „ ZtibOZ. tfrb. 0sNHXl#M& KomUft^'U'ZftM U d 
ft W t *3 ^ T N a + fft& t II g & ® £ % L T V > 3 £ # x. & ft § o 

[mmm 3 ] ^ ^NawwiRiift^frafe^sftat-sjBHtesi-f *©fttu 

pBluescript KS+ (STRATAGENE&) ©BamHIlM MlffiALfcOsNHXlSKpnlfc 
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NotlfcJ; DflJDmu Ti-plasmiddH^T'*^^ S/>fc/W Vu^l S/>Wtt 
iifi^ £ $ A L fc pMSHl ( ) £ X tfpMSH2 ( flifB/8 ) * >? *? - (pMSHl 
toVMr&s Kawasaki, T. et al. , (1999) Proceedings of the National Academy 
of Sciences of the U.S.A. 96, 10922-10926. pMSH2lipMSHl©^;i/^^ □ -- 

(Agrobacterium tumefaciens ) CctO^^^X^IS^Lto 

J;VSMIiieo^S (Toki, S. (1997) Plant Molecular Biology 15, 16-21) 
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1. TIB (a) £tz& (b) tcgBf^DNAo 

(a) i^'JS^ : 2 (cI3l£©7'^ y^i2^ij^^^?,^>^^K*3- Hf^DN 
Ao 

(b) mmm^-. nzmm<Di&mm®3-vm®z$tsmho 

2. -^^litlS^ONaVH^lpIlf}^*^- h'-r^TIB (a) *fctt (b> 
(3gBtt©DNA 0 

(a) IH^JS-^ : 2(3H3i6©7'^y|giB^J(3^UT l^L<tt^i(CDT^y^ 
ft £3- K-TSDNAo 

( b ) @B#j#-5§ : i izmmvi&mmmfr e» & sdna^ x b u > x > h 

3. «Mt)#^*f4»T-fc3, gf^Jl2(CH3«©DNAo 

4. »*m*fctt2Cffi«©DNAft£tr'S**- 0 

5 . if^Xg 1 ^ L < »: 2 {ZHBK^DNA^ fcttsi *Jji 5 fcM©'** * 

7. sSAfcll 1 £fcfc*2fc:tBtt<Z>DNA{;:<i: D^- F£*i£* W<£g 0 

8. sfM5tHB«c©^K^iiMlia^tg#L. l£«2i;£&^<Digli± 
^g*» f» 2 fc * > ^ * R £ § XII £^ tf s al^Jl 7 tc 13® © * > * 

9 . st^n 6 iztmmznm&Mmz^tsBmmMVdiko 

1 0 . J£^liM)T-&£. sf^H 9 (c|3tfe©BK«1t»o 
11. 4 fijt*H 1 0 fcg3tt0J&Kte&*t&l#o 

1 2. ^sT-|>§, fl^iMl 1 £8Btt®^K«s&tt«3tt. 

1 3. gi^ii9^?, 1 2m^?nfrizmmmmu&teVni*-<D z ?-m£tz&? 
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1/4 



11 1 



1 GAGAAGAGAGTTTTCTSUrcGAGCTCGCCCC^TCCC^ 

H C 

301 GGATCGAGGTOGCGGCC^CGCGGCTGGGGGCTCTGTACACGA^ 

M B V A A A R L G A LT T T S D";.V* A S V V S I H l» F VALL C AC 

4 0 1 CATCGTCCTCGGCCACCTCCTCCACCACAA?Ca:T<*GTC 

IVLGHLLBRNRWVHBS I T A L I IGLCTGVVILLM 

501 ACCAAACGGAAGACCTCCCACTTATTCGTCTTCAGTGAGGATCTCTTCTTCA 

TKCKSSHLFVFSEDLPFITLLPPIIFHACFQVKK 

601 AAAACC^ATTCTTCCGGAATTTCATGACCAXCACATTATTTGGAGCGCXCGGGACAATGATATC^ 

K QFFRNFMT I TLFGAVCTHI S F F T I S I A A I A IP 

701 CAGCAGAATGAACATTCCAACGCTCGATCTACGAGATTTTCTTCCAArre 

SRMNIGTLDVGDFLAIGAIFSATDSVCTLQVLH 

801 CAGGATGAGACACCXTTTTTTCTACACTCTCGTATTCGG 

QDETFFLTSLVFCEGVVNDATSIVLFNALQNPDL 

9 0 1 TTC TCCACATAGATCCGCCTGTCGTTCTGAAATTCTTGGGGAACTTC TTTTATTT AT TT 1 'TGTCGACCACCTTCCTTGGAGTATTTCCTGGATTGCTCAC 
VHZDAAVVLKFLGNFFZLPLSSTFX.GVFACLX.S 

1 00 1 TGCATACATAATCAAGAAGCTATACATTGGAAGGCATTCTACTGACCGTGAGGTTGCCCTTATGATGCT 

A Y I IKKLIIGRHS TDREVALMMLHAYL.STMLAE 

1101 TTGCTAGATTTGAGCGGCATTClX^CCGTATKrTTCTGlXIGTAT^ 

LLDLSGILTVFFCGIVHSHTTKHNVTESSRVTTK 

1201 AGC ACGCATTTGCAACTCTGTCCTTCATTC^TGAGACTTTTCTCTTGCTGTATGTTGGG^ 

HAFATLSFIA ETFLPLTVGMDALDIEKWEPASD 

1 30 1 CAGACCTGGCAAATCCATTGGGATAAGCTCAATTTTGGTAGGATTGGTTCTGATTGGAAGAGCTGCTTITGTATTrc 

RFGKSIGISSILLCLVLIGRAAFVFFLSPLSNL 

1 401 ACAAAGAACGCACCGAATGAAAAAATAACCTGGAGACAGCAAGTTGtAATAIGGTGGGCTGGOT 

TKKAPNBX I TWRQQVVIHMAGLMRGAVS IALATM 

1501 ATAAGTTTACAAG ATCTGGCCATAC TC AGC TGCACGGCAATGCAATAATGATCACCAGCACCATC ACTGTCGTTCTTTTTACCAC TATGGTATTTGCGAT 
XFTRSCHTQLHGMAZMITSTITVVLFSTMVPCM 

1601 CATGACAAAGCCATTGATCAGGCTGCTGCTACCGCCCTCAGGCCATCCTCTCAOCTCTG 

MTK PLIRLLLPASGHFVTSBPS S P K S LHSPLLT 

1701 AGCATGCAAGGTTCTGACCTCGAGAGTACAACCAACATTGTG AGCCCTTC 

SMQGSDLBSTTNIVRFSSLRMLLTKPTHTVBXTH 

1 BO 1 CGCGCAAGTTCCACGACGCCCTCATGCGJttZCGATGTTTCGCGCGCC^ 

RKFDDALMRPMPCGRGPVPPSPGSPTEQSBGGR 

1 90 1 ATCAACAGTGCAAAGAAATGAGAAItSGAATGGTTGATGAGGAGAATACATGTAAAATC 

2001 TGGCTCXTTGCTAArcAGTTCTTCATAGTGCCTATATTCTTCAGA 

2101 yCGGGATGAITGGTTTCTTCTGT C AGGATG AACCCTACTG ACTGACAC AGCC TGATGTCCTCCCACAACCTGTAAATTTTGTAGATTAACAGCCCCATTT 

2201 CTACCTGTCTACCATCTTTAGTTGGCGGGTGTTCTTKXTAGTTGCCACCCTGCATGTAAAA 

2301 
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m 3 



A 

OsNHXl 

NHX1 

NHE6- 

NHE1 

NHE2 

NHE3 

NHE4 



3/4 



M3 



M4 



FSEC LFFIYLLPPI tFNAGFQVKKKQFFRNFMTITLFGAVGTMISFFTISIAAIAIFSRM 138 
FNSS 1 FFNVLLPPI LLNSG YE LNQVNF FNNMLSIL I FAIPGTF ISAWI6IILYIWTFL G 179 
FDPE /FFNILLPPI [FYAGYSLKRRHFFRNLGSILAYAFLGTAISCFVIGSIMYGCVTLM 205 
LQSD /FFLFLLPPI LLOAGYFLPLRQFTENLGTILIFAWGTLWNAFFLGGLLYAVCLVG 219 
MKTD /FFLYLLPPI /LDAG YFMPTRPF FENL GTI FWYAWGTLWNSIG I G LSL FG ICQI E 80 
LTP7 LFFFYLLPPI /LDAGYFMPNRLFFGNLGTILLYAVIGTIWNAATTGLSLYGVFLSG 166 
/LESGYFMPTRPFFENIGSILWWAGLGALINAFGIGLSLYFICQIK 184 



B 

OsNHXl 

NHX1 

NHE6 

NHE1 

NHE2 

NHE3 

NHE4 



M5 



_M6 



— NIGTLOVG — CFLAIGAIFSATOSVCTLQVLNQDET-PFLYSLVFGEGWNDATSIV 

LESIDISFAC AMSVGATLSATDPVTILSIFNAYKVDPKLYTIIFGESLLNDAISIV 

KVTGQLAGDFYFTC CL L FG AI VSATOPVTV LAI FHE LQVDVE L YAL L FGE SVLNOAVAIV 
— GEQINNIGLLeTLLFGSIISAVOPVAVUVFEEIHINELLHILVFGESLLNDAVTW 
— - AFGLSDITLLCNLLFGSLISAVDPVAVLAVFENIHVNEQLYILVFGESLLNDAVTW 
LMGELKIGLLCFLLFGSLIAAVOPVAVLAVFEEVHVNEVLFIIVFGESLLNDAVTW 
— AFGLGPINLLC NLLFGSLISAVDPVAVLAVFEEARVNEQLYWIFGEALLNDGISW 



192 
235 
265 
276 
137 
223 
241 
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mm 

SEQUENCE LISTING 

<110> National Research Institute of Agrobiological Resources 

<120> Sodium/proton exchanger genes 

<130> M0A-006PCT 

<140> JP 1998-365604 
<141> 1998-12-22 

<160> 2 

<170> Patentln Ver. 2.0 

<210> 1 

<211> 2330 

<212> DNA 

<213> Oryza sativa 

<220> 
<221> CDS 

<222> (297).. (1901) 
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<400> 1 

gagaagagag ttttgtagcg agctcgcgcg aatgcgaagc caaccgagag aggtctcgat 60 

accaaatccc gatttctcaa cctgaatccc ccccccacgt tcctcgtttc aatctgttcg 120 

tctgcgaatc gaattctttg tttttttttc tctaatttta ccgggaattg tcgaattagg 180 

cattcaccaa cgagcaagag gggagtggat tggttggtta aagctccgca tcttgcggcg 240 

gaaatctcgc tctcttctct gcggtgggtg gccggagaag tcgccgccgg tgaggc atg 299 

Met 
1 

ggg atg gag gtg gcg gcg gcg egg ctg ggg get ctg tac acg ace tec 347 
Gly Met Glu Val Ala Ala Ala Arg Leu Gly Ala Leu Tyr Thr Thr Ser 
5 10 15 

gac tac gcg teg gtg gtg tec ate aac ctg ttc gtc gcg ctg etc tgc 395 
Asp Tyr Ala Ser Val Val Ser He Asn Leu Phe Val Ala Leu Leu Cys 
20 25 30 

gec tgc ate gtc etc ggc cac etc etc gag gag aat cgc tgg gtc aat 443 
Ala Cys lie Val Leu Gly His Leu Leu Glu Glu Asn Arg Trp Val Asn 
35 40 45 

gag tec ate acc gcg etc ate ate ggg etc tgc acc ggc gtg gtg ate 491 
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Glu Ser lie Thr Ala Leu lie lie Gly Leu Cys Thr Gly Val Val He 
50 55 60 65 

ttg ctg atg acc aaa ggg aag age teg cac tta ttc gtc ttc agt gag 539 
Leu Leu Met Thr Lys Gly Lys Ser Ser His Leu Phe Val Phe Ser Glu 
70 75 80 

gat etc ttc ttc ate tac etc etc cct ccg ate ate ttc aat gca ggt 587 
Asp Leu Phe Phe He Tyr Leu Leu Pro Pro He He Phe Asn Ala Gly 
85 90 95 

ttt cag gta aag aaa aag caa ttc ttc egg aat ttc atg acg ate aca 635 
Phe Gin Val Lys Lys Lys Gin Phe Phe Arg Asn Phe Met Thr He Thr 
100 105 110 

tta ttt gga gec gtc ggg aca atg ata tec ttt ttc aca ata tct att 683 
Leu Phe Gly Ala Val Gly Thr Met He Ser Phe Phe Thr He Ser He 
115 120 125 

get gec att gca ata ttc age aga atg aac att gga acg ctg gat gta 731 
Ala Ala He Ala He Phe Ser Arg Met Asn He Gly Thr Leu Asp Val 
130 135 140 145 



gga gat ttt ctt gca att 
Gly Asp Phe Leu Ala He 
150 



gga gec ate ttt tct gcg aca gat tct gtc 
Gly Ala He Phe Ser Ala Thr Asp Ser Val 
155 160 



779 
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tgc aca ttg cag gtc etc aat cag gat gag aca ccc ttt ttg tac agt 827 
Cys Thr Leu Gin Val Leu Asn Gin Asp Glu Thr Pro Phe Leu Tyr Ser 
165 170 175 

ctg gta ttc ggt gaa ggt gtt gtg aac gat get aca tea att gtg ctt 875 
Leu Val Phe Gly Glu Gly Val Val Asn Asp Ala Thr Ser He Val Leu 
180 185 190 

ttc aac gca eta cag aac ttt gat ctt gtc cac ata gat gcg get gtc 923 
Phe Asn Ala Leu Gin Asn Phe Asp Leu Val His He Asp Ala Ala Val 
195 200 205 

gtt ctg aaa ttc ttg ggg aac ttc ttt tat tta ttt ttg teg age ace 971 
Val Leu Lys Phe Leu Gly Asn Phe Phe Tyr Leu Phe Leu Ser Ser Thr 
210 215 220 225 

ttc ctt gga gta ttt get gga ttg etc agt gca tac ata ate aag aag 1019 
Phe Leu Gly Val Phe Ala Gly Leu Leu Ser Ala Tyr He lie Lys Lys 
230 235 240 



eta tac att gga agg cat tct act gac cgt gag gtt gee ctt atg atg 1067 
Leu Tyr lie Gly Arg His Ser Thr Asp Arg Glu Val Ala Leu Met Met 
245 250 255 



etc atg get tac ctt tea tat atg ctg get gag ttg eta gat ttg age 



1115 
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Leu Met Ala Tyr Leu Ser Tyr Met Leu Ala Glu Leu Leu Asp Leu Ser 
260 265 270 

ggc att etc acc gta ttc ttc tgt ggt att gta atg tea cat tac act 1163 
Gly He Leu Thr Val Phe Phe Cys Gly He Val Met Ser His Tyr Thr 
275 280 285 

tgg cat aac gtc aca gag agt tea aga gtt aca aca aag cac gca ttt 1211 
Trp His Asn Val Thr Glu Ser Ser Arg Val Thr Thr Lys His Ala Phe 
290 295 300 305 

gca act ctg tec ttc att get gag act ttt etc ttc ctg tat gtt ggg 1259 
Ala Thr Leu Ser Phe He Ala Glu Thr Phe Leu Phe Leu Tyr Val Gly 
310 315 320 

atg gat gca ttg gat att gaa aaa tgg gag ttt gec agt gac aga cct 1307 
Met Asp Ala Leu Asp He Glu Lys Trp Glu Phe Ala Ser Asp Arg Pro 
325 330 335 

ggc aaa tec att ggg ata age tea att ttg eta gga ttg gtt ctg att 1355 
Gly Lys Ser He Gly He Ser Ser He Leu Leu Gly Leu Val Leu lie 
340 345 350 



gga aga get get ttt 
Gly Arg Ala Ala Phe 
355 



gta ttc ccg ctg teg ttc ttg teg aac 
Val Phe Pro Leu Ser Phe Leu Ser Asn 
360 365 



eta aca 
Leu Thr 



1403 
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aag aag gca ccg aat gaa aaa ata acc tgg aga cag caa gtt gta ata 1451 
Lys Lys Ala Pro Asn Glu Lys lie Thr Trp Arg Gin Gin Val Val He 
370 375 380 385 

tgg tgg get ggg ctg atg aga gga get gtg teg att get ctt get tac 1499 
Trp Trp Ala Gly Leu Met Arg Gly Ala Val Ser He Ala Leu Ala Tyr 
390 395 400 

aat aag ttt aca aga tct ggc cat act cag ctg cac ggc aat gca ata 1547 
Asn Lys Phe Thr Arg Ser Gly His Thr Gin Leu His Gly Asn Ala lie 
405 410 415 

atg ate acc age acc ate act gtc gtt ctt ttt age act atg gta ttt 1595 
Met He Thr Ser Thr He Thr Val Val Leu Phe Ser Thr Met Val Phe 
420 425 430 

ggg atg atg aca aag cca ttg ate agg ctg ctg eta ccg gee tea ggc 1643 
Gly Met Met Thr Lys Pro Leu He Arg Leu Leu Leu Pro Ala Ser Gly 
435 440 445 

cat cct gtc acc tct gag cct tea tea cca aag tec ctg cat tct cct 1691 
His Pro Val Thr Ser Glu Pro Ser Ser Pro Lys Ser Leu His Ser Pro 
450 455 460 465 

etc ctg aca age atg caa ggt tct gac etc gag agt aca acc aac att 1739 
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Leu Leu Thr Ser Met Gin Gly Ser Asp Leu Glu Ser Thr Thr Asn He 
470 475 480 

gtg agg cct tec age etc egg atg etc etc ace aag ccg ace cac act 1787 
Val Arg Pro Ser Ser Leu Arg Met Leu Leu Thr Lys Pro Thr His Thr 
485 490 495 

gtc cac tac tac tgg cgc aag ttc gac gac gcg ctg atg cga ccg atg 1835 
Val His Tyr Tyr Trp Arg Lys Phe Asp Asp Ala Leu Met Arg Pro Met 
500 505 510 

ttt ggc ggg cgc ggg ttc gtg ccc ttc tec cct gga tea cca acc gag 1883 
Phe Gly Gly Arg Gly Phe Val Pro Phe Ser Pro Gly Ser Pro Thr Glu 
515 520 525 

cag age cat gga gga aga tgaacagtgc aaagaaatga gaatggaatg 1931 
Gin Ser His Gly Gly Arg 
530 535 

gttgatgagg agaatacatg taaaatgtga cagcaaaaga gagaaggcaa gttttgggtt 1991 
tgtagagttt ggctgetget aatgagttgt tgatagtgcc tatattcttc agaacttcag 2051 
atggtgcctc accaaggcct aagagecagg aggaccttct gataatggtt egggatgatt 2111 
ggtttgttct gtcaggatga accctagtga gtgacacagg gtgatgtgct ccgacaacct 2171 
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gtaaattttg tagattaaca gccccatttg tacctgtcta ccatctttag ttggcgggtg 2231 
ttctttccta gttgccaccc tgcatgtaaa atgaaattct ccgccaaaat agatttgtgt 2291 
gtataataat tttgcttggt tgaaaaaaaa aaaaaaaaa 2330 

<210> 2 
<211> 535 
<212> PRT 

<213> Oryza sativa 
<400> 2 

Met Gly Met Glu Val Ala Ala Ala Arg Leu Gly Ala Leu Tyr Thr Thr 
15 10 15 

Ser Asp Tyr Ala Ser Val Val Ser lie Asn Leu Phe Val Ala Leu Leu 
20 25 30 

Cys Ala Cys lie Val Leu Gly His Leu Leu Glu Glu Asn Arg Trp Val 
35 40 45 



Asn Glu Ser He Thr Ala Leu lie He Gly Leu Cys Thr Gly Val Val 
50 55 60 
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He Leu Leu Met Thr Lys Gly Lys Ser Ser His Leu Phe Val Phe Ser 
65 70 75 80 

Glu Asp Leu Phe Phe He Tyr Leu Leu Pro Pro He He Phe Asn Ala 
85 90 95 

Gly Phe Gin Val Lys Lys Lys Gin Phe Phe Arg Asn Phe Met Thr He 
100 105 110 

Thr Leu Phe Gly Ala Val Gly Thr Met He Ser Phe Phe Thr He Ser 
115 120 125 

He Ala Ala He Ala He Phe Ser Arg Met Asn He Gly Thr Leu Asp 
130 135 140 

Val Gly Asp Phe Leu Ala He Gly Ala He Phe Ser Ala Thr Asp Ser 
145 150 155 160 

Val Cys Thr Leu Gin Val Leu Asn Gin Asp Glu Thr Pro Phe Leu Tyr 
165 170 175 

Ser Leu Val Phe Gly Glu Gly Val Val Asn Asp Ala Thr Ser lie Val 
180 185 190 

Leu Phe Asn Ala Leu Gin Asn Phe Asp Leu Val His He Asp Ala Ala 
195 200 205 
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Val Val Leu Lys Phe Leu Gly Asn Phe Phe Tyr Leu Phe Leu Ser Ser 
210 215 220 

Thr Phe Leu Gly Val Phe Ala Gly Leu Leu Ser Ala Tyr He lie Lys 
225 230 235 240 

Lys Leu Tyr lie Gly Arg His Ser Thr Asp Arg Glu Val Ala Leu Met 
245 250 255 

Met Leu Met Ala Tyr Leu Ser Tyr Met Leu Ala Glu Leu Leu Asp Leu 
260 265 270 

Ser Gly He Leu Thr Val Phe Phe Cys Gly He Val Met Ser His Tyr 
275 280 285 

Thr Trp His Asn Val Thr Glu Ser Ser Arg Val Thr Thr Lys His Ala 
290 295 300 

Phe Ala Thr Leu Ser Phe He Ala Glu Thr Phe Leu Phe Leu Tyr Val 
305 310 315 320 

Gly Met Asp Ala Leu Asp He Glu Lys Trp Glu Phe Ala Ser Asp Arg 
325 330 335 

Pro Gly Lys Ser He Gly He Ser Ser He Leu Leu Gly Leu Val Leu 
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340 345 350 



He Gly Arg Ala Ala Phe Val Phe Pro Leu Ser Phe Leu Ser Asn Leu 
355 360 365 

Thr Lys Lys Ala Pro Asn Glu Lys lie Thr Trp Arg Gin Gin Val Val 
370 375 380 

He Trp Trp Ala Gly Leu Met Arg Gly Ala Val Ser He Ala Leu Ala 
385 390 395 400 

Tyr Asn Lys Phe Thr Arg Ser Gly His Thr Gin Leu His Gly Asn Ala 
405 410 415 

He Met He Thr Ser Thr He Thr Val Val Leu Phe Ser Thr Met Val 
420 425 430 

Phe Gly Met Met Thr Lys Pro Leu He Arg Leu Leu Leu Pro Ala Ser 
435 440 445 

Gly His Pro Val Thr Ser Glu Pro Ser Ser Pro Lys Ser Leu His Ser 
450 455 460 



Pro Leu Leu Thr Ser Met Gin Gly Ser Asp Leu Glu Ser Thr Thr Asn 
465 470 475 480 
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He Val Arg Pro Ser Ser Leu Arg Met Leu Leu Thr Lys Pro Thr His 
485 490 495 

Thr Val His Tyr Tyr Trp Arg Lys Phe Asp Asp Ala Leu Met Arg Pro 
500 505 510 

Met Phe Gly Gly Arg Gly Phe Val Pro Phe Ser Pro Gly Ser Pro Thr 
515 520 525 



Glu Gin Ser His Gly Gly Arg 
530 535 
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